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1 1 i LE 

HIGH PERFORMANCE lONOMER BLENDS 



f lELD OF THE INVENTION 

This invention relates to ionomer/polyamide blends, particularly 
S blends of highly neutralized copolymers of ethylene and high weight percentages of 
a,(}-ethylenically-unsaturated C3- Cg carboxylic acids dispersed in semicrystalline 
polyamides such as nylon-6. These blrads are particularly useful in applications such 
as molded parts where a combination of toughness, high gloss, abrasion/scratch 
(mar) resistance, UV resistance, high temperature properties and stiffiiess are 
10 desired. 

BACKGROUMD OF THE INVEMTION 



There is an overall need in molded parts, particularly in automotive 
applications such as bumpers, fender extensions, hub caps, and other fascia 
components and molded exterior parts, for products that have high gloss, good 

1 5 weathcrability, high impact strength and high temperature properties (e.g., tensile 
strength and dimensional stability such as sag and creep re^stance). It is also 
desirable to be able to mold m solid and metallic colors and, optionally, to be able to 
paint the parts. "Solid" colors present a homogenous finish, even at very close 
inspection. All ingredients, which can be substantial in number, are milled and 

20 blended such that, when applied, they appear to have been produced from a single, 
homogenous ingredient. The solid color does not sparkle or brighten when directly 
illuminated by a light source, nor does it appear to change significantly when viewed 
from different angles. "Metallic" colors (including peariescents) contain discrete 
flake pigments, which can range from pead flakes to aluminum flakes or mica flakes. 

25 These flakes are large enough to be discretely identifiable within the field of color 

being observed. The metallic color has a noticeable "sparkle" when the surface is 

directly illuminated with a light source, plus they appear to change in color as the 

panel is rotated from a perpendicular angle to an oblique one. This property is called 

"polychromaticity". This change in color as the viewing angle is rotated is also 

30 refOTed to as "travel" or "flop". 

BEXLOY®W automotive engineering resin, a blend of ionomer and 

poiyethyloie reinforced by glass fiber, marketed by £. I. du Pont de Nemours and 

Company, has found increasing use in molded parts such as automobile bumpers 

because it satisfies most of these needs. Its benefits include good gloss 

35 (appearance), moderate mar resistance, good processibility and high impact strength 

at relatively low cost. Solid color can be incorporated into the material, but success 

in incorporating metallic colors has been limited. Also, paint adherence to 
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BEXLOYOW resin is poor and paint application that reqmres use of Ugh 
temperature pMnt baking ovens (Original Equipment Manufacturing "OEM" 
Painting) is not feasible since BEXLOY0W lacks suitable high temperature 
properties. 

S For applications such as automobile fiisda (bumpers, for example), a 

mar resistance greater than that mherent in BEXLOYOW rean is needed. Thus, 
when using BEXLOY®W resin, a fight grain is typically q>plied to the surface to 
enhance mar reastance. Any graining, however light and glossy, substantially 
retards the "Distinctness of Image" (DOl), a key index used to evaluate the 

10 perceived quality of an exterior finish in the automotive industry. DOI, a measure of 
the "crispness" or "degree of definition" of a reflection of a object in a colored finish 
compared to the actual object itsdt is measured fi-om the angle of reflection of a 
light beam fi-om a spherical surface. DOI can be measured by a Hunterlab Model 
No. D47R-6F Doigon Gloss Meter. The test panel is placed on the instrument 

15 sensor and the sharpness of the reflected image is measured. Details of the DOI test 
procedure are described in GM Test Spedficatioo TM-204-M. In the automotive 
industry, satisfactory finishes on a smooth or "Ctass A" surface typically will have a 
finish with a DOI value of at least 60, preferably 80 or higher. A commercial, 
lightly-grained BEXLOY®W resin fascia used on a Neon automobile has a DOI of 

20 0. 

While still retaining other important perforrnance characteristics, 
there is a need for higher gloss (at least a value of 60 when measured at 20°, and at 
least 75 when measured at 60") and higher DOI (at least 60), faster processing, 
better high tenq)eratuTe properties, and improved mar reastance without the need of 

25 light graining. Also, there is a need for being able to incorporate metaOic colors and, 
alternatively, to be able to paint the mokled part. 

Certain blends of ionomers wth polymers other than polyetiiylene 
(polyamides, for example) are known in the art. These prior art blends with nylon 
would not be suitable for the soWing the problems experienced with BEXLOY®W 

30 resin, however. 

U.S. Patent No. 4,335,223 to Flood, et al., for example, teaches 
enhancing the notched Izod impact resistance of molded objects made from 50 to 99 
wt.% nylon 6 or nylon 66 blended with an a-olefin / a,P-ethylenically-unsaturated 
C3- Cg caiboxyUc add ("ethylene-add copolymers") by adding 0.05 to 1 wt.% 
35 selected metal compounds such as antimony ojdde and magnesium oxide. 

U.S. Patent No. 3,845,163 to Murch, another example, teaches 
improving wdd-line toughness of blends of polyaraide whh ethylene-add 
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copolymers by neutralizing at least 10 percent oif the acid groups with metal ions 
such as sodium, caldum and zinc in solid or aqueous solution form. Polyamide 
hydrolysis would be expected to result with the use of aqueous solution. Melt 
blending in conventional eqiupraent and solution blending or diy nuxiqg followed by 

5 extrusion or injection molding are taught. No preference for high intensity mfadng is 
suggested. U.S. Patent No. 3.845, 163 teaches blends containing at least 50 weight 
percent (wt.%) polyamide (60-85 wt% is claimed and 80 wt% exemplified). While 
a wide range of add level and degree of neutralization are disclosed, the highest acid 
level used in the reference is 12 wt.% and the iughest neutralization is 76%. 

20 Blends of polyamide and ionomer wherein the ionomer is the major 

component but the polyamide is the continuous or co-continuous phase have been 
made by employing compatibilizing agents. U.S. Patent No. 5,091,478 to Sakman, 
for example, teaches blends of 25 - 50 vohmie % polyamide with ionomer employing 
polymeric grafting agents containing certain reactive groups. Preferred grafting 

1 5 agents are copolymers derived from ethylene/n-butyl acrylate/glycidyl methacrylate 
and ethyloie/glycidyl methacrylate. 

Qi la/iM APV ftp THg INVENTIOH 



The deared improvements have been made by the present invention. 
Important performance characteristics of BEXLOY®W resin have been retained and 

20 higher gloss, fester processing, better high temperature properties, and improved 
mar resistance without the need of Bght graining have been attained. The need for 
glass fiber reinforcement has been diminated. Molded parts made using the blends 
of this invention have high gloss exhibiting DOI s at least comparable to the best of 
paint finishes on smooth or "Ctass A" surfaces, particulariy DOIs over 80 and as 

25 high as 90 to 95. Solid and metallic colors can be incorporated and parts can be 
painted. High temperature properties are sufiBdent to permit OEM Painting without 
the need for spedal jigs or hang«^ to mdntdn part shape during the bake Step. The 
molded parts with the addition of standard UV stabilizers for both ionomer and 
polyamide exhibit surprising weatherability, particulariy stability when exposed to 

30 ultraviolet light for extended periods of time. Improved automobile fascia having 
DOI of at least 80 and superiw mar resistance can be made from the bloid of this 
invention. 

This invention rdates to ionomer/polyamidc (preferably 60 to 40 
wdght percent (wt.%) ionomer/40 to 60 wt.% polyamide based on total wdght of 
3 5 ionomer and polyamide) blends wherein tiie polyamide forms a continuous (or co- 
continuous) phase. The ionomer, preferably present in a higher vohjme percent than 
the polyamide, is dispersed in the continuous or co-continuous polyamide phase. 
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Preferably, the ionomer forms small particles that preferably are oblong and 
curvilinear or ellipsoid m shape in a co-continuous polyamide phase or are essentially 
spherical in a continuous polyanude phase . The average diameter of the cssaitially 
spherical particles (cross-sectional ifiameter or minor axis length of the 
5 oblong/ellipsoid partides) preferably is about 0. 1 to about 0.2 micronieters (nm). 

The ionomers smtable for this invention are formed from copolymers 
of ethylene and high weight percentages of a,p-ethylenically-unsaturated C3- Cg 
carboxylic adds, pirferably methacryDc or acrylic acid. The percentage of add that 
is considered as bring "high" depends on the add employed. In the case of 
10 methacrylic add. it preferably is 15 to 25 wt.% based on total wdght of the 

copolymer. The Iowct preference for acrylic acid is 14 wt.% as a result of molecular 
weight differences. In the final blend, the acid moieties in the copolymer are highly 
neutralized (prefwably 65 to 100 percent) with metal cations, particularly cations 
compatible with polyanude, preferably 2anc. 
1 5 The polyamides suitable for this invention are preferably one or more 

semicrystalline polyamides such as polyepsiloncaprolactam (nylon-6) and 
polyhexamethylene adipamide (nylon-66). Amorphous polyamides can be 
substituted for some of the semiaTStalline polyamide. 

It has been found that ionomer/polyaimde blends, wha-ein the 
20 ionomer is the major vohrnie component but is dispersed in a continuous or co- 
continuous phase of polyanude can be made without employing compatibUiang 
agents. To make the blends of this invention, ethylene-acid copolymer that, more 
preferably, is partiaUy neutralized (preferably to about 35 to about 40 mole percent) 
is melt blended with polyamide under suflBdently intense mfadng conditions whUe 
25 concurrently neutraliziiig (or further neutralizing if ionomer is the starting material) 
to a high Icvd of noitralization to achieve desired morphology. This "in-situ" 
neutralization has been found to be efifective in obtaining the high neutralization 
while maintaining conditions during mdt blendmg wherein the polyamide, although 
present at a lower volume percent than the ionomer, forms a continuous or co- 
30 continuous phase without the need for a compatibilizer and the ionomer is uniformly 
(hspersed therein at high percentages of ionomer. 

The combination of add level and Wgh neutralization, together with 
intensive mixing of the components, provides the desired viscosity relationship of 
ionomer to polyamide and stabilization of the ionomer dispersed phase in the nylon 
35 matrix. This is particularly so whoi a cation such as zinc, which is compatible with 
the nylon, is used to neutralize the ethylene-add copolymer. 

As used herein, the term "consisting essentially of or "consists 
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essentiaily of means that the ingredients are essential, however, other ingredients 
which do not prevent the advantages of the present invention from being realized can 
also be included. 

S Figures 1(a) and 1(b) are hi^ magnification photographs (obtained 

though Transmission Electron Microscopy) of a plaque having essentially spherical 
ionomer particles dispersed in a polyamide continuous phase. Figure 1(a) is in the 
paraUel dhection to flow into the mold and Figure 1(b) is in the perpendicular 
direction. 

1 0 Figure 2(a) and 2(b) are high magnification photographs (obtained 

though TransmisMon Electron Microscopy) of plaque having oblong and curvilinear 
ionomer particles dispersed in a polyamide co-continuous phase. Figure 2(a) is in 
the parallel direction to flow into the mold and Figure 2(b) is in the perpendicular 
direction. 

IS PgTAILED DES CRIPTION 



The present invention is a blend of ionomer dispersed in a continuous 
(or co-continuous) polyamide phase. Preferably, the blend is 60 to 40 (more 
preferably 50 to 45, also 60 to 55) wt.% ionomer and 40 to 60 (more preferably 50 
to 55, also 40 to 45) wt.% polyamide (percentages bring based on total ionomer and 
20 polyamide). Preferably, the ionomer is dispersed m a reasonably uniform manner as 
small, essentially spherical particles for the most part with average diameter of 
preferably about 0.1 to about 0.2 ^un in a contunious polyamide phase as can be seen 
in Figures 1(a) and 1(b). Also, the ionomer preferably is dispersed as oblong and 
curvilinear or ellipsoid shaped particles for the most part with an average cross- 
25 sectional diameter (minor axis length) of about 0. 1 to about 0.2 jun in a co- 
continuous polyamide phase as can be seen in Figures 2(a) and 2(b). The average 
ratio of major axis length to minor add length can be about 2 to about 10 or greater. 

The blend may also contain components such as uhra^olet (UV) 
light stabilizers, antioxidants and thermal stabilizers, pigments and dyes, fillers, anti- 
30 slip agents, plastidzers, nucleating agents, and the like for both polyamide and 

ionomer. Preferably, these components are present in amounts of about 1 to about 3 
(preferably about 1.5 to about 3) parts per hundred parts by weight of the 
ionomer/polyamide blend, but may be present in lower or higher levek. 

The components of the present invention and the method for 
3 5 preparing the blends are as follows: 
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lonomer 

The ionomers of the present invention are derived from direct 
copolymers of ethylene and a,P-ethylenically-unsaturatcd C3- Cg caiboxylic acid 
("ethylme-acid copolymers") by neutralization with metal ions. By "direct 

5 copolymer", it is meant that the copolymer is made by polymerization of monomers 
together at the same time, as distinct from a "graft copolymer" where a monomer is 
attached or polymerized onto an easting polymer chain. Methods of preparing such 
ionomers arc well known and are described in U.S. Patent No. 3,264,272 which is 
herein incorporated by reference. Preparation of the direct ethylcne-acid copolymers 

10 on which the ionomers are based is d^ribed in U.S. Patent No. 4,351,931 which is 
also incorporated by reference heron. Ethylene-add copolymers with high levels of 
acid are difficult to prepare in continuous polymerizers because of monomer- 
polymer phase separation. This difficulty can be avoided however by use of 
"cosolvent technology" as described in U.S. Patent No. 5,028,674 which is also 

1 5 incorporated herein by reference or by employing somewhat higher pressures than 
those at which copolymers with lower acid can be prepared. 

The ethylcne-acid copolymers used to make the ionommc copolymer 
of this invention can be E/X/Y copolymers where E is ethylene; X is a softening 
comonomer and Y is the a,Mhylewcally-unsaturated C3- Cg carboxylic acid, 

20 particularly acrylic or mcthacrylic add. Preferably, however, the ethylene-add 
copolymer is a dipolymer (no softemng comonomer). The preferred add moieties 

are methacrylic acid and acrylic add. 

By "softening", it is meant that the polymer is made less crystalline. 
Suitable "softening" comonomers (X) arc monomers sdected from alkyl aaylate, 
25 and alkyl methacrylate. wherdn the alkyl groups have from 1 - 12 cart>on atoms 
which, when present, may be up to 30 (preferably up to 25, most preferably up to 
15) wt.% of the ethylene-add copolymer. 

Prcfmed ethylene-add dipolymers are ethylene/acrylic acid and 
ethylene/methacrylic acid. Specific other copolymers indude ethylenc/n-butyl 
30 acrylate/acrylic add, ethylene/n-butyl acrylate/methacrylic add, cthylene/iso-butyl 
acrylate/mcthacrylic add, cthyteneTiso-butyl acrylate/acrylic add, ethylene/n-butyl 
methacrylate/methacrylic acid, ethylene/melhyl mcthacrylate/acryUc add, 
ethylene/methyl acrylate/acrylic acid, ethylene/mcthyl aciylatc/methaciyUc acid, 
c^hylene/methyl methacrylate/methacrylic add. and ethylene/n-butyl 

35 methacrylate/acrylic add. 

The ethylene-add copolymers used to make the ionomeric 
copolymers of this invention have the add moiety present in a high amount. The 
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amount that will be considered as "high" will depend on which acid moiety is 
employed, particulariy the molecular wdght of the acid moiety. In the case of 
ethylenc^methacrylic acid, the preferred acid level is 15 to 25, (preferably 18 to 25, 
more preferably 19 to 22) wt.% of the cqwlymer. In the case of ethjiene/acrylic 

5 add, the preferred add Icvd is 14 to 25, (preferably 16 to 25, more preferably 18 to 
22) wt.% of the copolymer. Particulariy in view of the disdosures herein, one 
sldlled in the art vnll be able to determine the "high" add Icvds for other add 
moieties that are needed to get the desired ^oss levds and abrasion reastance. 

It will be recognized that it is possible to blend more than one 

1 0 copolymer, the add levd of any one or more being outade the "W^" range of the 
invention, to obtain an average add levd prior to neutralization that is within the 
preferred high percentage add levds. Preferably, in the case of blends, the wdght 
percent acid in each add copolymer from which the ionomer components are 
derived should be close to the preferred range, and most preferably they should be 

1 5 within this range, 

The acid moiety is preferably highly neutralized metal cations, 

particularly mtMOvalent and/or bivalent metal cations. It is preferable to neutralize 

with metal cations that are compatible with the nylon, that is, with cations that also 

interact with the amide links of the polyamide. Preferred metal cations inchide 

20 Kthium, magnesium, calcium, and zinc, or a combination of such cations. Zinc is 
most preferred. Potasaum and sodium are poor choices. Potassium-neutralized 
ethylene/acid copolymers toid to absorb water adversely effecting the nylon. 
Sodium ionomers are diflBcult to stabilize to UV radiation. Magnesium and caldum 
preferably are used in condnnation with zinc. 

25 While the neutralizing agjmt (e.g., zinc oxide, magnesium oxide, and 

calcium oxide) can be added in solid form, it preferably is added as a concentrate in 
an ethylene-add copolymer carrier. This concentrate is made by carefully selecting 
the ethylene-add copolymer and the blending conditions to assure that the 
neutralizing agent does not significantly neutralize the carrier. This neutralizing 

30 concentrate can also contain small amounts (up to about 2 wt.%) of one or more 
salts of the metal cations (e.g. acetates and stearates). 

To adiieve the desired morphology Oonomer dispersed in continuous 
or co-continuous nylon phase), the ionraner is neutralized to a Ugh enough level to 
attam a viscoaty greater than that of the nylon. It is preferred to first blend a 

35 partially neutralized, lower viscoaty ethjteie-add copolymer into the nylon and then 
to fiirther neutralize to raise the ionomer viscosity vfboic melt blending under intense 
mixing conditions. 
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As will appreciated by one skiUed in the art based on the teachings 
herein, the prefenwi level of neutralization will depend on the ethylene-acid 
copol^ers employed and the properties desired. Neutralization in the blend should 
be sufficient to raise the mdt index (MI) of the ionomer in the blend, measured as 
grams of ionomer exiting a 0.0823 inch orifice in ten minutes (gra/10 min) at 190°C 
with 2160 gram weight applied force (ASTM D-1238 condition E). to such a level 
that, if the ionomer alone (not in the nylon Wend) were neutralized to that level, 
there would be veiy low to essentially no flow (preferably less than about 0.2 
grams/10 minutes). For example, for an ethylene-add dipolymcr of ethylenc/19 
wt.% methacryUc add, the foUowing MI values result when the dipolymer is 
neutralized to the degree indicated: 



20 




25 



30 



In this case the percent neutralization should be about 60% or greater 
since the grams of ionomer exhing the orifice is less than 0.2 grams per 10 minutes. 
One skilled in the art can easily detennine the preferred percent neutralization for 
other ionomcrs. Preferably in the final melt blend with polyamide. the mole percent 
of acid neutralized is 65 to 100%. more preferably 75 to 100%. alternatively 75 to 
85%. 

The level of add and the degree of neutralization can be adjusted to 
achieve the particular properties desired. Gloss is enhanced by raising the average 
add level. High neutralization yields harder, glossier products whUe more moderate 
neutralization yields tougher products. 

Nylon 

Semicrystalline polyamides can be used in the present invention. The 
tem -semicrystalline polyamide" is weU known to those skiUed in the art. 
Semicrystalline polyamides suitable for tiiis invention are generally prepared from 
lactams or amino adds or fiom condensation of diamines such as hexamethylene 
diamine witfi dibasic acids sudi as sebacic add. Copolymers and terpolymers of 
these polyamides are also induded. Pr«fcned semicrystalline polyamides are 
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polyepsiloncaprolactam (nylon-6), polyhexamethylene adipamide (nylon-66). most 
preferably nylon-6. Other semciystalline polyamides usefiil in the present invention 
include nylon-1 1, nylon-12. nylon-12,12 and copolymers and terpolymers such as 
nylon-6/66, nylon^610, nylon-6/12, nylon-66/12, nylon-6/66/610 and nylon-6/6T. 

5 Amorphous polyamides can be substituted for some of the 

semicrystalline polyamide to raise the glass tranation temperature (Tg) of the nylon 
phase. Up to about 1 0 wt.%, preferably up to about 5 wt.%. of the polyamide phase 
can be amorphous polyamides. The term "amorphous polyamide" is weU known to 
those sidlled in the art. "Amorphous poiyanude." as used herein, refers to those 

10 polyamides which are lacking in ciystallinity as shown by the Uck of an endotherm 
crystalline melting peak in a Diflferential Scanning Calorimeter ("DSC") 
measurement (ASTM D-3417), ICC/minutc heating rate. 

Examples of the amorphous polyamides ^t can be used include 
hexamethyienediaimne isophthalanude, hexamethylenediamine 

1 5 isophthalamide/terephthalamide terpolymer, having iso/-tercphthalic moiety ratios of 
100/0 to 60/40, mixtures of 2,2,4- and 2,4,4-trimethylhexamethylenediaminc 
terqjhthalamide. copolymers of hexamethylene diamine and 2- 
methylpentamethylenediame with iso-or terephthalic acids, or mixtures of these 
acids. Polyamides based on hexamethylenediamine iso/terephthalamide containing 

20 high levels of terephthalic add moiety may also be useful provided a second diamine 
such as 2-methyldiamhiopentane is incorporated to produce a processible amorphous 
polymer. Amorphous polyamides may contain, as comonomers, minor amounts of 
lactam species such as caprolactam or lauryl lactam, even though polymers based on 
these monomers alone are not amorphous as long as they do not impart crystallinity 

25 to the polyamide. In addition, up to about 1 0 wt. % of a liquid or solid plasUcizer 
such as glycerol, sorbitol, mannitol, or aromatic sulfonamide compounds (such as 
"Santici2W 8" from Monsamo) may be inchided with the amorphous polyamide. 

The amorfdious polyannde may be a blend of ethylene vinyl alcohol 
and amorphous nylon in which the polyamide component comprises about 5 to about 

30 95 wt. % of the total composition of EVOH phis pofyamide, preferably about 1 5 to 
about 70 wt. %, and most preferably about 15 to about 30 wt. %. 

The polyamide component should have a viscosity under melt-blend 
conditions that is high enough to provide the mechanical properties but low enough 
to create the phase relationship of this invention. The >nscoaty of the polyamide 

3 5 should be Kgher than that of the ethylene-add copolymer or ionomer at low 
neutralization levds, but should be less than the ionomer at high noitralization 
levels. 



WO98rt«90l PCT/US97a4799 

-10- 

other Components 

Additives nonnaUy compounded into plastics may be included in the 

blend, for example. UV stabilizers, antioxidants and thermal stabilizers, processing 
aids, pigments and the like. When included, these components are preferably present 
5 in a^unts of about 1 to about 3 (preferably about 1 .5 to about 3) parts per hundred 
parts by weight of the ionomer/polyamide blend but may be present in lower or 
higher amounts. 

Of particular importance if the part is to be exposed to ultraviolet 
(UV) light is the inclusion of one or more UV stobilizere for the nylon and for the 
1 0 ionomer. Typically usefid UV sUbilizers include: benzophenones such as hydroxy 
dodecyloxy benzophenone. 2.4-dihydroxybenzophenone, hydroxybenzophenones 
containing sulfonic groups and the like; triazoles such as 2.phenyl-4-(2',2'- 
dihydroxylbenzoyl)-triazoles; substituted benzothiazoles such as hydroxy- 
phenylthiazoles and the like; triaanes such as 3.5-dialkyl.4-hydroxyphenyl 

1 5 derivatives of triazine. sulfiir containing derivatives of dialkyl-4-hydroxy phenyl 

triazines, hydroxy phenyl-l,3.5.triazine and the like; benzoates such as dibenzoate of 
diphenylol propane, tertiary butyl benzoate of diphenylol propane and the like; and 
others such as lower alkyi thiomethylene containing phenols, substituted benzenes 
such as l,3-bisK2'-hydroxybenzoyl)ben2ene. metal derivatives of 3,5-di-t-butyl-4- 

20 hydroxy phenyl proprionic arid, asymmetrical oxalic add. diarylamides. 

alkylhydroxy-phenyl-thioalkanoic add ester, and hindered amines of bipiperidyl 

derivatives. 

Preferred UV staWHzers, all available from Ciba Geigy. are 
TINUVm®234(2-(2H-benzotriazol-2-ylH»6-bi8(l-methyl-l-phenylethyl)phenol). 

25 TINUVIN(8>327 (2-(3'.5'-di-tert-butyl-2'-hydroxyphenyl)-5 chlorobenzotriazole), 
TINUVIN®328(2-(2'hydroxy-3',5'-di-tert-aniylpbenyl)benzotriazole), 
TINUVIN0329 (2.(2'-hydroxy-5'-tert-octylpbenyl)benzotriazole), TINUVIN«>765 
(bis(1.2.2.6.6-pentamelhyl.4.piperidinyl) 8ebacate),TINUVIN®770 (bis(2,2,6.6. 
tetramethyM-piperidinyl) decanedioate). and CHIMASSORB™944 (N.K- 
30 bis(2.2.6.6-tetramcthyl-4-piperidiByl)-l .6-hcxanediamine polymer with 2.4,6- 
trichloro-1 .3.5-triazinc and 2.4,4.triroethyl-l,2.pentanamine). 

Prefeired thennal stabUizers, all availabks from Ciba Geigy. are 
IRGANOX®259 (hcxamethylene bi8(3.5-di.tert.butyl-4-hydroxyhydrodraiamate). 
IRGANOX(8)1010 (3,5.bis(l,l-dimethylethyl)-4-hyroxybenzenepropanoic add, 2,2- 
35 bis[[3-[3,5-bis(l,l-dimethylediylH-hydroxyphenyl>l-oxopropoxylmethylll^ 
propanediyl ester), IRGANOX®1076 (octadecyl 3.5^ii-tert-butyl-4- 
hydroxyhydrocimiamate). lragnox<8)1098 (N.>r-hexamethylene bis(3.5-di-tert-butyl. 
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4-hydroxyhydrocinnamamidc), IRGAN0X®Bil5 (33/67 blend of 
IRGANOXOlOlO with tris(2,4-di-tert-butylphenyl)phosphitc)» IRGANOX®B225 
(50/50 blend of IRGANOX®1010 with tris(2,4-di-tcrt-butylphenyl)phosphite), and 
IRGAN0X®B1 171 (50/50 blend of IRGANOX®1098 with tris(2,4-di-tert- 

5 butylphcnyl)phosphite). 

Preferred processing aids include aluminum distearate and zinc 

stearate, particularly anc stearate. 

Pigments include both clear pigments such as inorganic siliceous 
pigments (silica pigmrats for example) and conventional pigments used in coating 
10 compositions. Conventional pigments inchide metallic oxides such as titanium 
dioxide, and iron oxide; metal hydroxides; metal flakes such as ahiminum flake; 
chromates such as lead chromate; sulfides; sulfetes; carbonates; carbon black; silica; 
talc; china clay; phthalocyanine blues and greens, organo reds; organo maroons and 
other organic pigments and dyes. Particularly preferred are pigments that are stable 

15 at high temperatures. 

Pigments are generally formulated into a millbase by mbdng the 
pigments with a dispersing resin which may be the same as or compatible with the 
matOTal into which the pigment is to be incorporated. Pigment dispersions are 
formed by convrational means such as sand grinding, ball milling, attritor grinding or 

20 two-roll milling. 

Other additives, while not generally needed or used, such as fiber 
glass and mineral fillers, anti-slip agents, plasticizers. nucleating agents, and the like, 
can be incorporated. 

Method of Preparation 

25 To obtain the morphology (and resultant properties) desired in the 

ionomer/polyamide blends of the present invention, it is necessaiy to obtain a blend 
of ionomer, particularly high-acid cthyl«ie-acid copolymer which is highly 
neutralized, in a continuous (or co-continuous) polyamide phase even when the 
volume percent ionomer is grcato- than that of the polyamide. The present invention 

30 does this without the use of potymeric grafting agents containing certain reactive 
groups such as the cthylene/n-butyl acrylatc/glycidyl methacrylate and 
ethylene/glycidyl methaciylate employed in U.S. Patent No. 5,091,478 to Saltman. 

The wdght percent to volume percent correlation for the range of 
ethylene/methaciylic acid ionomer and nylon-6 employed in this invention, is about 

35 as indicated in the following table. 



wo 98/08901 



PCT/US97/14799 



-12- 



Nvlon-6 


E/MAA lonomo' 


Wt% 


VoL% 


Wt.% 


Vo!.% 


60 


55.5 


40 


44.5 


55 


50.4 


45 


49.6 


50 


45.5 


50 


54.5 


45 


40.6 


55 


59.4 


40 


35.7 


60 


64.3 



At the Wgh degree of neutralization, the viscosity of the ionomer will 
exceed that of the polyamide at processing conditions. It has been found, however, 
that a process in wWch the cthylene-acid copolymer is first highly neutralized by 

5 methods known in the art and then is melt bl^ded under intensive mixing conditions 
with the nylon is not preferred. Instead, a single step process or "in atu 
neutralization" process is preferred. 

In this single step process, the cthylene-add copolymers, preferably 
ones with high add level, are neutralized to their ultimate level while the copolymers 

10 arc bdng blended with the polyamide under intense mfadng conditioM^ Non- 
neutralized (or lowly neutralized), high-acid ethylene-add copolymer can be melt 
blended wth the polyamide with all of its neutralization being effected during the 
melt blending. 

The viscosity of the ethylene-add copolymer at no or low 
1 5 neutralization will be lower than that of the nylon at processing temperature (about 
250° to about 270*C for nylon-6), and the nylon would be expected to disperse in 
the ethylene-acid copolymer. Desired dispersion of the ionomer in the nylon can be 
brought about by forther neutraHzation while the ethylene-add copolymers and the 
polyamides are being blended under mtoise mixing conditions. For example, Nylon- 
20 6 (ULTRAMID®B3 avaihible from BASF) has the following viscosities under melt- 
blend conditions (diffetent shear rates at 240»C and at 260''C). Data in the table is 
the viscosity of the polymer in pascal-seconds. As can be seen, the nylon viscosity 
exceeds that of the SURLYN®9120 ionomer (E/19 wt.% MAA 38% neutralized 
with anc) available from E. I. du Pont de Nemours and Company in each case, but, 
25 upon further neutralization to 67-70%, the relationship switches. 



wo 98/08901 



PCT/US97/14799 



Shear Rate 
(secondr^) 



SURLYN(|)9120 
about 38% Neat 



-13^ 

E/MAA lonomer 
about 67 -70% Ncnt 
240»C 




Nylon-< 



•Viscosity of highly neutralized ionomcr at a shear rate of 596 sec" 1 and a 
temperature of 260X is estimated based on other measured data. 

Processing can be greatly simplified if the ethylene-add copolymer is 
5 partially neutralized but to a level less than that uhimately desired prior to melt- 
blending with the nylon or, preferably, if ionomcrs such as the various SURLYN® 
ionomers, particulariy ones with high acid levels, available from E. I. du Pont de 
Nemours and Company are employed as the starting ionomer which is further 
neutralized concurrenUy with or subsequent to blending with the polyamidc to the 
10 desired percent neutralization The starting ionomeis can be made by processes well 

known in the art (see above). 

It should be noted that ethylene-add copolymers can attain a large 
range of viscosities through pseudo-crosslinks obtained by partial neutralization of 
the caiboxylic adds. As the degree of neutralization increases, the viscosity 
1 5 increases eventually reaching a "no flow" state in a melt index (MI) test. The level 
of neutralization at which this occurs depends on fectors well known to those skilled 
in the art of ionomers (e.g. the type of a,p-ethylenically-unsaturated C3- Cg 
carboxylic acid, the acid level, and the type of cationic counterion). Typically, for a 
low acid (about 10 wt.%) system, the maximum neutralization is about 70%. but for 
20 high-acid systems, "no flow" conditions win occur at lower percent neutralization. 

It is important that, prior to blending with the polyamide, the percent 
neutralization should be low enough that the ethylene-acid copolymcr/ionomer has 
not reached the "no flow" state. Preferably, however, the percent neutralization 
should be high enough that the viscosity of the ethylene-add copolymer is closer to 
25 that of the nylon at the start of blending. Preferably, the viscosity should be within 
about 50 percent of the polyamide viscosity at blending temperature. By partially 
neutralizing preferably about 35 to about 40 percert of the acid, the viscosity of the 
ethylene-add copolymer is raised doser to that of the nylon at the start of blending 
while not reaching the "no flow" state. 
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To achieve the desired morphology, the ethylene-acid copolymer, 
preferably partially neutralized with a cation that is compatible with the nylon, and 
the poiyamide should be melt blended under intensive mixing conditions (high shear) 
with further neutralization as the blending occurs. Mixing should be at an intensity, 
5 temperature and residence time sufficient to get the desired morphology. An 

efficient devolitilization system is needed to remove water that is formed during the 
neutralization process. Devolitization efficiency is more important if starting at low 
or no neutralization since more water will be formed. Preferably there should be at 
least one vacuum zone in the melt compounding with at least 630 mm Hg vacuum 

1 0 applied to remove moisture. 

The various starting ingre(fients may first be combined with one 
another in what is commonly referred to as a "salt and pepper" blend. They may also 
be combined by simultaneous or separate metering or they may be divided and 
blended in one or more passes into one or more mixing sections of mixing equipment 
1 5 such as extruders, Banbury mixers, Buss Kneaders, Ferrell continuous mixers or the 
like. If more than one feed zone is available, the nylon, the neutralizing agent 
preferably as a concentrate, and some of the ionomer may be added at the rear most 
feed port with the remainder of the ionomer being added in a later feed zone. The 
polymer strands exiting the extruder are preferably quenched in a water bath prior to 
20 cutting into pellets. Alternate methods well recograzed by one skilled in the art for 
pelletizing including underwater cutting and air quenching can be used. 

Preferred equipment for mixing is equipment such as employed in the 
examples, particulariy a twin screw extruder optionally equipped with a static mixer 
such as sold by Kenics Cony)any located between the extruder screws and tiie die. 
25 The extruder used in the examples preferably is run at a screw speed of 175 to 250 
rpm. The sfarteen sections of bushmgs comprise feed seaions, kneading block 
mixing (reaction) sections, a vacuum extraction section with reverse pitch screws. 

and a die section. 

Preferably, the mixing and the degree of neutralization should be 

30 sufficient to bring about the phase inversion (higher vohime percent ionomer 

dispersed in the continuous or co-continuous nylon phase) in the mixing equipment. 
It should be recognized, however, that fiiU inversion may not occur in the mixing 
equipment but may result firom forther woridng of the blend in injection molding 
operations for fomung plaques and the like. 

35 The differential scanning calorimeter (DSC) cooling exotherm can 

easily and quickly be determined and is a useful indicator of morphology and the 
sufficiency of mfadng conditions for the desired morphology. The DSC cooling 
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exothe™ will diflFer depending on the nylon used, but can easily be determined by 
one skilled in the art. Preferably, the DSC cooling exotherm when uang nylon 6 
should be l6(fC to 180**C when cooling is carried out at a rapid rate (e.g. 30 
C/min.). The presence of this exotherm indicates that the desired phase relationship 

5 has been achieved. 

Tensile tests are also useful indicators of the product morphology. 
When the morphology is correct, the ratio of Tension at Break (Tb) at room 
temperature (23°C) to Tb at elevated temperature (150X) preferably is less than 
about 12 to IS. 

10 Molded Parts 

Molded parts of the blend of the present invention made using 
standard injection molding techniques exhibit high gloss and improved mar 
resistance without the need of light graining. Without light graining, these molded 
parts exhibiting DOPs of at least 80 and as high as 90 to 95. Solid and metallic 

1 5 colors can be incorporated and parts can be painted. Since the blends allow for 
faster processing than resins used in prior-art fascia, the molded parts can be more 
readily made. The high temperature properties of the blend are sufficient to permit 
OEM Painting of molded parts without the need for spedal jigs or hangers to 
maintain part shape during the bake step. 

20 The molded parts of bloids of this invaition with the addition of 

standard UV stabilizers for both ionomer and polyamide exhibit surprising 
weatherability, particularly stability when exposed to ultraviolet light for extended 
periods of time. These molded parts exhibit the low color shift, measured using, for 
example, the CIE 1976 (CEB LAB) color scale, needed for molded parts used in 

25 exterior applications. They exhibit AE color shift values of less than about 3 (a level 
considered as suitable for exterior automotive applications) when exposed to 2500 
kilojoules/square met«" in a Xenon-arc weatherometer (SAE J 1960). Improved 
automobile fascia having DOI of at least 80 and superior mar resistance can be made 
from the blend of this invention. 

30 EXAMPLES 
Process 

Except as otherwise indicated^ mixing in each of the examples was in 
a five-heating-zone. 28 mm twin-screw exuvder equipped with a Kenics Company 
static mfacer between the tip of the extruder and a single hole die plate. The extruder 
35 in each case was operated at a screw speed of 200 revolutions per minute (rpm) with 
the vacuum port run at about 630 mm mercury vacuum with ingredients fed at a rate 
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of about 10 pounds per hour to the rear feed z6ne of the eictruder. A nitrogen 
blanket was maintained on the feed hopper. Hve temperature profile across the 
length of the extruder was: Throat, about 25*C; Zone 1, 220X; Zones 2. 3, 4, and 
5. 250»C; Adapters 1 and 2. 250»C; and Die. 265°C. Residence time for the samples 
5 was aboiit 2.5 minutes. Samples were quenched in a water bath (about 23°C) prior 

to cutting into pellets. 

Except as othawise indicated, the samples in each case were 

injection molded on a 6 ounce capacity injection molding machine using a general 
purpose screw with barrel temperature set to achieve meh temperatures in the 260»C 
10 range Molding conditions employed were fest ram forward speed, 60 ipm screw 
speed. 50 pounds per square inch gauge (psig) back pressure. 400-800 psig injection 
pressilre. 20 second (sec.) injection time. 30 sec. hold time, and 5/32 inch nozzle. 

Standard additive/stabilizer packages were used in each case. The 
preferred packages include stabilizers for both nylon and ionomer. The package, for 
1 5 example, may include various components as discussed above including, for 
example. IRGANOX®, TINUVIN®. and CHIMMASORB® stabilizers. 

The neutralizing agent concentrates used in these examples are blends 
of the principle neutralizing agent (c.g. zinc oxide in the ZnO Concentrate and 
magnesium hydroxide in the MgO Concentrate) in an ethylene/low (5 to 10) wt.% 
20 methacrySc add copolymer carrier made under conditions that assure insigmficant 
neutralization of the carrier. The Concentrate may also contain low leveU (up to 2 
wt.y.) metal salts such as acetates and stearates. The "percent" indicated with 
respect to the concentrate is the weight percent (based on total weight of 
concentrate) of the principle neutralizing agent in the concentrate. That is, the 
25 50%MgO Concentrate used in the examples contains 50 wt.% (based on total 
weight of concentrate) magneshim oxide in an ethylene/5 wt.% methacrylic aad 
copolymer. The 30%ZnO Concentrate contains 30 wt.% (based on total weight of 
concentrate) zinc oxide in an ethyleoe/5 wt.% methacryUc acid copolymer and the 
45%ZnO Concentrate contains 45 wt.% (based on total weight of concentrate) zmc 
oxide in an ethylene/10 wt.% methacrylic acid copolymer. 

Unless otherwise indicated, the nyton 6 used in the examples was 
CAPRON®8202 nylon 6 avwlablc from Allied Signal. 

Tests , ^. 

Tests on the injection molded test specimens (disks or plaques, as the 

35 case might be) reported in the examples were Tensile at Break (ASTM D1708) and 
Elongation at Break (ASTM D1708) at 23''C and 150»C. and flexural modulus 



30 
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(ASTM D790A) at 23**C. 

The specimen morphologies were also examined with Transmission 

Electron Microscopy (TEM). Very thin section samples of the spedmens were 
microtomed at cryogenic temperatures in both the machine direction (parallel to 
5 flow) and the transverse direction (perpendicular to flow). The samples were stained 
with phosphotungstic acid whidi attaches to the nylon component and increases 
contrast of the transmission picture (ionomer appears lighter and the nylon darker in 
the high magnification photographs). 

Gloss was measured using a Novo-Gloss Meter at 60"* angle (black 

10 standard = 93.64). 

Example 1 

49.8 wt.% nylon-6, 48.6 wt.% SURLYN®9220 (E/20 wt.% MAA 
about 34 % neutralized with zinc) further neutralized to about 75% with zinc and 
1.6 wt.% Additive and Stabilizer Package were fed to the extruder. 

IS Example 2 

4 wt.% of 45%ZnO Concentrate was added to the extruder feed to 
further neutralize the ionomer (4 wt.% of the ionomer was removed to account for 
the 45%ZnO Concentrate, all else being as in Exarr4>le 1. 

Example 3 

20 Example 1 was run with the following changes: (a) the 

SURLYN®9220 was neutralized to about 67% with zinc, (b) the screw speed on 
the extruder was reduced to 150 rpm, and (c), the Kenics static mixer was not used. 

Table I 





la^, 1 


^3L2 




Tensile at Break 23°C 


6995 psi 


6950 pa 


6940 psi 


Elongation 23°C 


205% 


155% 


235% 


TensUe at Break 1S0<*C 


2390 psi 


2350 psi 


545 psi 


Elongation 1S0°C 


305% 


310% 


175% 


Tensfle at Break IS^C 

Ratio of 

Tensile at Break I50°C 


2.93 


2.96 


12.73 


Flexural Modulus 


203.6 
Kpsi 


176.7 
Kpsi 





25 



In Examples 1 and 2. the ionomer is seen as dispersed throughout the 
continuous nylon phase, mostly as spherical particles in the 0, 1 to 0.2 \xm range (see 
Figure 1). In Example 3, the ionomer appears spherical in the sample cut 
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perpendicailar to flow, but are highly distorted in the sample cut parallel to flow (see 
Figure 2). The ionomer and nylon appear to be co-continuous in Example 3, 

Example 4 - Comparison to BEXLOV® W 

The SURLYN® ionomer/nylon blend in Table n is a blend of 55 
wt.% nylon blend, 43.4 wt.% E/19 wt.% MAA neutralized with anc to 68%, and 
1 .6 wt.% stabilizer package. The BEXLOY®W 501 is a commercially available 
blend of polyolefin and ionomer without glass filler. 

Table n 



20 





BEXLOY®W 501 


SURLYN® 
IONOMER/NYLON 


Viscat Soft Temperature 


105°C 


200*C 


Tabor Abraaon, CS-17 
Wheel 500 gm/wt, 5000 
cycles 


0.028 (0.12% loss) 


0.018 (0.07% loss) 


Flexural Modulus 


USKpsi 


220 Kpsi 


150°C Tensile 


(above melting point) 


2300 psi 


Gloss, 60° Angle 


80.3 - 84.7 


88.6 - 90.5 


Molding Cycle Time 


about 40 sec. 


about 20 sec. 



25 



Examples 5-25 

Various series of cKpcriments were run. Because of differences in 

mold surface quality and molding machine operation, it is safest to compare values 
within a series. In each example, a test disk or plaque was molded and tested for 
gloss and mechanical properties. Average results of five gloss readings are set forth 
in Table III. Mechanical properties measured are set forth in Table IV (no 
measurements were made in cases where no data is present). 

First Series 
Example 5 

55 wt.% nylon-6; 37 wt.% ionomer (E/20% MAA initially about 40% 
neutralized with Mg"*"^) and 1.3 wt.% stabilizer package were intenavely blended 
and further neutralized during blending (in-situ) vAlh 6.7 wt.% of 50%MgO 
Concentrate to about 90 %. The resulting disk had a very low gloss value. Melt 
fracture was clearly evident during extruaon. Properties were poor. 

Example 6 

In a first step, SURLYN* 9220 was first fiirther neutralized with 
30%ZnO Concentrate to about 72 %. In a second step, 40 wt.% of the resulting 
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ionomer: 55 wt.% nyIon-6; and , 1.3 wt.% stabilizer package were intensively 
blended and neutralized in-situ to about 100 % with 3.7 wt.% of 30%ZnO 
Concentrate. 

Example 7 

5 40.0 wt.% of the ionomer made in the first step of Example 6; 50 

wt.% nylon-6; 5 wt.% SELAR® PA (6 isophthalic/ 6 terephthalic) amorphous nylon; 
3.7 wt.% 30%ZnO Concentrate; and 1.3 wt.% stabilizer package were intensively 
blended. 

Example 8 

IQ 35.0 wt.% of the ionomer made in the first step of Example 6; 55 

wt.% nylon-6; 5 wt.% SELAR® PA; 3.7 wt.% 30%ZnO Concentrate; and 1.3 wt.% 
stabilizer package were intensively blended; 

Example 9 

In a single step process, 55 wt.% nylon-6; 37 wt.% E/20%MAA 
1 5 neutralized with Mg+2 to about 40%; and 1 .3 wt.% stabilizer package were 
intensively blended and fiirther neutralized during blending with 6.7 wt.% of 
30%ZnO Concentrate to about 100% neutralization. 

Example 10 

In a single step process, 37.2 wt.% SURLYN* 9220 was intensively 
20 blended with 54 wt.% nyIon-6; and . 1.3 wt.% stabilizer package and neutralized 
in-situ to about 100 % with 7.5 wt.% of 30%ZnO Concentrate to about 95% 
neutralization. 

Second Series 
Comparative Example 11 

25 61 .95 wt.% ALATHON® 6580 polyethylene, 1 .25 wt.% stabilizer 

package, and 32.4 wt.% SURLYN® 9120 (E/19 wt.% MAA 38 % neutralized with 
zinc) WW fed to the extruder and. while mixing, fiirther neutralized with 4.4 wt.% 
of 30%ZnO Concentrate to 76 % neutralization. High doss did not result even 
with high-acid ionomer and high degree of neutralization. 

30 Comparattve Example 12 

45 wt.% ALATHON® 7030 polyethylene, 51.2% SURLYN® 9120, 
and 0.8 wt.% stabiBzer package were fed to the extruder and, while mixing, fiirther 
neutralized with 3.0 wt% of 30%ZnO Concentrate to 57 % neutralization. High 
Gloss did not result even with high-acid ionomer and a moderate degree of 
35 neutralization. 
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Example 13 

46 \vt.% nylon-6, 43.6 wt% SURLYN® 9120, and 1 .8 wt.% 
stabilizer package were fed to the e?ctruder and, while mixing, further neutralized 
with 8.6 wt.% of 30%ZnO Concentrate to about 97 % neutralization- 

s Exannple 14 

43 wt% nylon-6. 46.05 wt.% SURLYN® 9120, and 1.8 wt% 
stabilizer package were fed to the extruder and, while mixmg, further neutralized 
with 8.6 wt.% of 30%ZnO Concentrate and 0.55 wt.% CaO powder to about 100 % 
neutralization. 

10 Example 15 

40% nylon-6. 48.95 wt,% SURLYN® 9120, and 1.8 wt.% stabilizer 
package were intensively blended and extruded and, while mixing, were further 
neutralized with 8.7 wt.% of 30%ZnO Concentrate and 0.55 wt.% CaO powder to 
about 100 % neutralization. 

15 Example 16 

46 wt.% nylon-6, 49.6% SURLYN® 9520 (E/10 wt. % MAA 
neutralized with rinc to 72 % neutralization), and 1.8 wt.% stabilizer package were 
intensively blended, and, while mixing, further neutralized with 2.6 wt.% of 30%ZnO 
Concentrate to about 100% neutralization. 

20 Third Series 
Example 17 

45 wt.% nylon 6; 50.7 wt.% SURLYN® 9320 (E/24 wt.% nBA/^-lO 
wt.% MAA; 67% zinc neutralized); and 1.8 wt.% stabilizer package were intensively 
blended and, while nuxing, fiirther neutralized with 2.5 wt.% of 30%ZnO 
25 Concentrate to about 95 % neutralization. 

Example IB 

45 wt,% nylon 6, 25.4 wt.% SURLYN® 9320 plus 25.3% 
SURLYN® 9520, and 1.8 wt.% stabilizer package were, while being intrasely 
mixed, further neutralized with 2.5 wt.% of 30%ZnO Concentrate to about 95% 
30 neutralization. 

Example 19 

45 wt.% nylon 6, 25.2 wt.% SURLYN® 9320 plus 25.3% 
SURLYN® 9520, and 1 .8 wt.% stabilizer package were, while being intensely 
mixed, further neutralized with 2.5 wt.% of 30%ZnO Concentrate and 0.2 wt.% 
35 CaO powder to about 100% neutralization. 
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Example 20 

45 wt.% nylon 6 and 50.7 wt.% SURLYN® 9020 (E/10 wt.% 
iBA/10 wt.% MAA. 73% neutralized) and 1.8 wt.% stabilizer package were, while 
being intensely mixed, further neutralized with 2.5 wt.% of 30%ZnO Concentrate to 
5 about 95% neutralization. 

Example 21 

45 wt.% nylon 6, 25.2 wt.% SURLYN® 9520 and 22.3 wt.% high 
acid SURLYN® 9120 and 1.8 wt.% stabilizer package were, while being intensely 
nuxed, further neutralized with 5.7 wL% of 30%ZnO Concentrate to about 97% 
10 neutralization. 

Example 22 

45 wt.% nylon 6, 25.2 wt.% SURLYN® 9320 and 22.3 wt.% 
SURLYN® 9120 and 1.8 wt.% stabilizer package were, while bang intensely nuxed, 
further neutralized with 5.7 wt.% of 30%ZnO Concentrate to about 97% 
IS neutralization. 

Example 23 

45 wt.% nylon 6, and 44.2 wt.% SURLYN® 9120, 1.8 wt.% 
stabilizer package, and 0.5% zinc stearate were, while being intensely mfaced, fiirther 
neutralized with 8.5 wt.% of 30%ZnO Concentrate to about 93% neutralization. 

20 Forth Series 
Example 24 

44 wt.% ULTRAMID® nylon 6, 45.7wt.% SURLYN® 9120, and 
1.9 wt.% stabUizer package plus 1.0 wt.% zinc stearate processing aid were, while 
being intensely mixed, fiirther neutralized with 7.4 wt.% of 30%ZnO Concentrate to 
25 about 88% neutralization and extruded at the rates given below on a 40 nun 

diameter twin saew extruder. Samples were molded into one eighth inch thick disks 
using the molding conditions described above and the mold temperatures given 
below. 

24A Extrusion rate of 125 pounds per hour (Ibs/hr). Mold 

30 temperature of 60**C. 

24B ExtruMon rate of 125 Ibs/hr. Mold temperature of 25°C. 
24C Extruaon rate of 150 Ibs/hr. Mold temperature of 25°C. 

Example 25 

44 wt.% ULTRAMID® nylon 6, 46.9 wt.% SURLYN® 9120, and 
35 1 .9 wt.% stabilizer package plus 1 .0 wt.% zinc stearate processing aid, were, while 
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being intensely mixed, further neutralized with '6.2 wt.% of 30%ZnO Concentrate to 
about 80% neutralization and extruded at rates given below. Following vacuum 
oven drying for at least 8 hours at 80 **C, samples were molded into one eighth inch 
thick disks using molding conditions described above and mold temperatures given 
5 below. 

25 A Extrusion rate of 124 Ibs/hr. Mold temperature of 60**C, 
25B Extnision rate of 100 Ibs/hr. Mold temperature of 60®C. 
25C Extrusion rate of 100 Ibs/hr. Mold temperature of 25T. 
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Table in (Gloss Readings) 



Example 


Average 
(5 readings) 


Standard 
Deviation 


Part Color 


Part Type 


5 


35.4 


4.4 


BLACK 


DISK 


6 


91.8 


1.1 


BLACK 


DISK 


7 


92.6 


0.6 


BLACK 


DISK 


8 


90.9 


0.7 


BLACK 


DISK 


9 


92.5 


0.9 


BLACK 


DISK 


10 


91.8 


0.5 


BLACK 


DISK 


11 


19.5 


5.2 


BLACK 


PLAQUE 


12 


46.6 


2.5 


BLACK 


PLAQUE 


13 


84.4 


5.0 


BLACK 


PLAQUE 


14 


87.7 


4.1 


BLUE 


DISK 


15 


84.3 


1.9 


BLUE 


DISK 


16 


76.5 


8.6 


BLUE 


DISK 


17 


78.3 


1.8 


BLUE 


DISK 


18 


81.8 


12.9 


BLUE 


DISK 


19 


65.3 


10.4 


BLUE 


DISK 


20 


76.5 


6.5 


BLUE 


DISK 


21 


89.3 


1.9 


BLUE 


DISK 


22 


87.8 


7.2 


BLUE 


DISK 


23 


91.5 


1.1 


BLUE 


DISK 


24A 


90.9 


1.1 


BLUE 


DISK 


24B 


90.7 


0.6 


BLUE 


DISK 


24C 


89.4 


1.8 


BLUE 


DISK 


25A 


92.4 


0.6 


BLUE 


DISK 


25B 


91.7 


1.3 


BLUE 


DISK 


25C 


92.5 


0.5 


BLUE 


DISK 
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Table IV (Mechanical Properties] 
Tensile at Break Katio of 
TB(psi) I TB@23«>Cto 

Tb @ iso»c 



Elongation 
Eb(%) 



161.0 



156.0 



5990 
6800 



•Tmax 

**EmAX (Elong"*'0" maximum Tensile) 
•••Tests run at 95 "C 



165 







@23»C 1 






@23»C 


@1500C 


s 


189.8 


4985 


230 1 


21.67 


I 10 


55 


6 


204.5 


1 7145 


2580 1 


2.74 


140 


325 


7 


200.7 


1 7165 


2615 


2.77 


200 


380 


8 


203.9 


7075 


1 2730 1 


2.59 


130 


345 


9 


203.7 


6500* 


1 2485 T 


2.62 


25** 


300 


1 I 


204.1 


6695* 


2395 


2.80 


25** 


1 305 


1 1 




3695 


1 430**'' 1 


8.59 


305 


580*** 


1 1 




1 3805 


420*** 


9.06 


250 


585*** 


13 




6435 


1 1500 1 


4.29 


170 


300 


14 




I 6125 


515 


11.89 


1 155 


306 


1 15 1 




5575 


I 110 1 


50.68 


145 


145 


16 




1 5485 


1 1050 1 


5.22 


1 220 


1 tTs 


17 




4150 


115 


36.09 


210 


165 


1 




4685 


1 1 


36.04 


1 200 


170 


19 




5630 


90S 


6.22 


225 


1 240 


20 




1 5430 


1 940 r 


5.78 


1 220 


1 240 


1 




5330 


55 


96.91 


180 


255 


22 




1 5415 


1 420 1 


12.89 


185 


210 



275 
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CLAIMS 

We claim: 

1 . An ionomer/polyamidc blend of one or more polyamides, the 
polyamides forming a continuous or co-continuous phase, with one or more 

5 ionomers dispersed therein, the ionomer(s) being present in the range of 60 to 40 
weight percent and the polyamide(s) being present in the range of 60 to 40 weight 
percent based on total weight of ionomer and polyamide, the ionomer(s) bang direct 
copoIymer(s) comprising ethylene and a,P-ethylenically-unsaturated C3- Cg 
carboxylic acid wherein the average add of the direct copolymer(s) prior to 

10 neutralization is present in a high perccnUge and wherein 65 to 100 mole percent of 
the acid is neutralized with one or more metal cations. 

2. The ionomer/polyamide blend of claim 1 wherdn the a,P- 
ethylenically-unsaturated C3- carboxylic acid is methacryUc acid making up 15 to 
25 wdght percent of the direct copolymer of ethylene and methaoylic acid. 

15 3 . The ionomw/polyamide blend of claim 1 wherdn the a,P- 

ethylenically-unsaturated C3- Cg carboxylic add is acryUc add making up 14 to 25 
wdght percent of the direct copolymer of ethylene and acrylic add. 

4. The ionomer/polyanude blend of claim 1 wherdn one or more of 
the direct copolymers further comprises a softening monomer selected from alkyl 

20 actylate and alkyl methaciylate. 

5. The ioncMno/polyamide blend of daim 4 vtodn the direct 
copolymers are present as a blend of one or more dipolymers wherein the add prior 
to neutralization in the dipolymer is present in a high percentage and one or more 
E/X/Y copolymers where E is ethylene, X is softening monomer sdected from alkyl 

25 acrylate and alkyl metiiaciyUte, and Y is an a,p-ethylenically-unsaturated C3. Cg 
cariJOxyUc add, the add levd of the blend prior to neutralization being high. 

6. The ionomw/polyamide blend of claims 1 , 2, 3, 4 or 5 wherdn the 
metal cation also interacts witii tiie amide links of Uie polyanude. 

7. The ionomw/polyanude blend of daim 6 wherein the cation is 

30 zinc. 

8. The ionomer/polyanude blend of claim 1 wherein the ionomer is 
dispersed as mostly spherical particles having an average diameter of about 0.1 to 
about 0.2 fun or as dlipsoid partides having a minor axis lengUi of about 0. 1 to 
about 0.2 ^m. 

35 9_ The ionomer/polyamide blend of daim 1 wherdn the dlipsoid 

partides have a ratio of major axis lengtii to minor axis lengtii of greater tiian about 
lOtol. 
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10. The ionomer/polyamide blend of claim 1. the polyamides 

comprise semicrystalline polyamides. 

11 . The ionomer/polyamide blend of claim 10 wherein the polyamide 

comprises polyepsiloncaprolactam (nylon-6). 
5 12. The ionomer/polyamide blend of claim 10 wherdn the 

polyamides comprise a blend of semicrystalline polyamides and up to about 10 wt.% 
amorphous polyamide based on total polyamide weight. 

13. The ionomer/polyamide blend of claim 12 wherein the 
amorphous polyamide is hexamethylenediamine isophthalamide/terephthalamide 

10 terpolymer. 

14. The ionomer/polyanude blend of claim 1 further comprising one 
or more UV stabilizers for the ionomer and the polyamide. 

1 5 . An article molded from the ionomer/polyamide blend of claim 1 . 

16. The article of claim 15 wherein the ionomer/polyamide blend 
1 5 from which it is molded further comprises one or more UV stabilizers for the 

ionomer and the polyamide. 

17. The article of claim 16 in the form of automobile fascia. 

18. The article of daim 17 wherein the automobile fascia is a bumper 

having a DOI of at least 80. 

20 19. A process for naaking a blend of one or more ionomers in a 

continuous or co-continuous phase of one or more polyamides comprising melt 
blending under intense mbdng conditions components consisting essentially of one or 
more ethylene/a,p.ethylenically-unsaturated C3- Cg carboxylic acid direct 
copolymers and one or more polyamides and, while mixing, neutralizing the acid 

25 with one or more metal cations sufficientiy to raise the viscosity of the ionomer that 
results from neutralizing the direct copolymer to level greater than that of the 

polyamide at melt temperatures. 

20. The process of daim 19 wherein tiie blend is about 60 to about 
40 wt,% ionomer and about 40 to about 60 wt.% polyamide based on total 

30 ionomer/polyamide weight. 

21 . The process of claim 20 wherein the ionomer is present in a 

higher volume percent than the polyamide. 

22. The process of claim 19 wherein the cation also interacts with 

the amide links of the polyamide. 
35 23. The process of claim 22 wherein the cation is anc. 

24, The process of claim 19, the one or more direct copolymers 
being partially neutralized prior to melt blending with the polyamide. 
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25. The process of daim 24 wherein the degree of neutralization 
prior to melt blending is about 35 to about 40 percent. 

26. The process of claim 19 wherein the acid level in the direct 
copolymer prior to neutralization is high. 

; 27. The process of claim 26 wherein the acid in the direct copolymer 

is methacryiic add present in a range of 15 to 25 wt .% of the copolymer or is acrylic 
add present in a range of 14 to 25 wt.% of the copolymer. 

28. The process of daim 27 wherein the neutralization while mbdng 
is to a percent neutralization of at least 65%. 
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